Abstract.
The THE PLACENTA plays an essential role in fetal growth and survival, maintenance of the maternal metabolic status during pregnancy by virtue of its multiple functions relating to the transport of nutrients and waste between mother and fetus, modulation of the maternal and fetal immune systems to prevent rejection of each other, and its endocrinological function of maintaining the pregnancy. Successful development and maturation of the embryo is totally dependent on placental function. The main endocrine participation of the placenta is attributed to placental lactogens (PLs), which are prolactin (PRL)-or growth hormone (GH)-like hormones produced by the placenta and found in several mammals, including the mouse [1] , cow [2, 3] , sheep [4] , human [5] [6] [7] , monkey [8] , and hamster [9] . I. Diversity of PLs
I-1. Development of PLs in animals
Primate PLs [5] [6] [7] [8] are structurally related to pituitary GH rather than PRL. Even though one of the human PLs (GH variant) performs PRL-like actions, its mRNAs are produced by alternative splicing from a cluster of GH genes [6, 23] . Thus, PRL-like molecules do not appear to be expressed in primate placentas.
Placental PRL-like molecules (PRL family) are found in a number of species, and their structures and functions are described in previous reviews [5, 7, I-3 . PL-Im as an important molecule for the molecular evolution of PLs
The cDNA of PL-Im comprises an open reading frame of 687 bp encoding 229 amino acids with two putative N-glycosylation sites, and PL-Im is highly homologous with the six members of the rat PL family (PL-I, PL-Iv, PL-II, PLP-A, PLP-B and PLP-C) [39] (Fig. 2) . In particular, PL-Im cDNA is The nucleotide and deduced amino acid sequences of PL-Im showed that it had a mosaic structure of PL-I and PL-Iv and did not possess its own sequence. highly homologous (over 90%) with PL-I and PLIv and, furthermore, detailed comparisons of these nucleotide sequences revealed that PL-Im cDNA does not possess its own sequence but is a mosaic structure of PL-I (mid-pregnancy-specific) and PLIv (late-pregnancy-specific) (Fig. 1) . The PL-Im contains the twenty amino acids which are conserved in these six other PLs. [1, [31] [32] [33] [34] [35] [36] [37] . Of these, the four Cys residues, which are considered parts of the disulfide bonds that determine the tertiary structure of proteins [21, 22, 40] , are conserved in the rat PL family without exception.
In addition, in a study of point mutation in mouse PLs, three other amino acids, Arg at 43 and 202 and Lys at 212 in PL-Im, were postulated to be essential for reactions with the lactogenic hormone receptor [41, 42] . These three amino acids were conserved in PL-Im and PL-I but not in PL-Iv [1, 36, 37] .
The possible molecular evolution process of PLs was deduced by constructing a dendrogram based on the nucleotide sequence homologies of PL family members (Fig. 3) . The mid-pregnancy-specific PLs (PL-Im and PL-I) appear to be derived from PL-II (late-pregnancy-specific), and PL-Im is located between PL-Iv and PL-I during the process of their molecular evolution.
The experimental models, because ovariectomized P-rats, in which a high level of progesterone was maintained after ovariectomy, ceased to secrete all PLs. The results of our investigation indicate that the ovary is involved in the control mechanism of placental function in the rat. These data provide support for the concept that biological information flow, other than progesterone, from the ovary to the placenta, exists to control placental function (Fig. 6 ). pregnancy and play roles as luteotropic factors. In view of the reappearance of stage-specific placental functions in the prolonged pregnancy rat model (NC-rat), it is tempting to speculate that ovulation may be the most important step for completion of placental function during the long pregnancy period in many animals.
The results of our investigation indicate that the ovary is involved in placental control and that factor(s) other than ovarian steroids are responsible for the regulation of placental function. Taken together with the well known steroid actions on placental growth and degeneration, these data support the concept that an information flow from the ovary to the placenta exists to control placental function (Fig. 6) .
Natural molecular evolution is a process of trial and error whereby successful molecules are selected and their genetic heritability is maintained.
Thus, the functional relationship between the ovary and placenta seems to prompt co-evolution of placental PRL-like hormones and aldoketo reductase family members in the rat. Communication between the ovary and placenta as a result of bidirectional information flow appears to be elemental to determine the direction of evolution of the various molecules involved in the reproductive system. 
